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Abstract 

The process of pair creation by a photon in a constant and homogeneous 
electric field is investigated basing on the polarization operator in the field. 
The total probability of the process is found in a relatively simple form. At 
high energy the quasiclassical approximation is valid. The corrections to the 
standard quasiclassical approximation (SQA) are calculated. In the region 
relatively low photon energies, where SQA is unapplicable, the new approxi- 
mation is used. It is shown that in this energy interval the probability of pair 
creation by a photon in electric field exceeds essentially the corresponding 
probability in a magnetic field. This approach is valid at the photon energy 
much larger than "vacuum" energy in electric field: uj 3> eE/m. For smaller 
photon energies the low energy approximation is developed. At u <C eE/m 
the found probability describes the absorption of soft photon by the particles 
created by an electric field. 
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1 Introduction 



Pair creation by a photon in an electromagnetic field is the basic QED reaction 
which can play the significant role in many processes. 

This process was considered first in a magnetic field. Investigation of pair 
creation by a photon in a strong magnetic field was started in 1952 independently 
by Klepikov and Toll [TJ [2]. In Klepikov's paper [3], which was based on the 
solution of the Dirac equation in a constant and homogeneous magnetic field, the 
probabilities of radiation from an electron and e~e + pair creation by a photon were 
obtained for the magnetic field of arbitrary strength on the mass shelfl (k 2 = 0, k is 
the 4-momentum of photon). In 1971 Adler [4J calculated the photon polarization 
operator in the mentioned magnetic field using the proper-time technique developed 
by Schwinger [5] and Batalin and Shabad [6] calculated the photon polarization 
operator in a constant and homogeneous electromagnetic field for k 2 ^ using 
the Green function in this field found by Schwinger [5]. In 1975 Strakhovenko 
and present authors calculated the contribution of a charged-particles loop with 
n external photon lines having applied the proper-time method in a constant and 
homogeneous electromagnetic field [7J. For n = 2 the explicit expressions for the 
contribution of scalar and spinor particles to the polarization operator of photon 
are given. Using this polarization operator the integral probability of pair creation 
by a photon in a magnetic field was analyzed by authors in [8]. 

The probability of pair creation by a photon in a constant and homogeneous 
electric field in the quasiclassical approximation was found by Narozhny [9j using 
the solution of Dirac equation in the Sauter potential [10] . Nikishov [TT] obtained 
the differential cross section of this process using the solution of Dirac equation in 
a constant and homogeneous electric field. 

In the present paper we consider the integral probability of pair creation in an 
electric field basing on the polarization operator [7J. In Sec. 2 the exact expression 
for the integral probability of pair creation by a photon was obtained for the general 
case k 2 ^ starting from the polarization operator in an electric field. In Sec. 3 
the standard quasiclassical approximation (SQA) is outlined for the high-energy 
photons w > m (m is the electron mass), The corrections to SQA are calculated. 
These corrections define also the region applicability of SQA. In Sec. 4 the new 
approach is developed for relatively low energies where SQA is not applicable. 
This approach is based of the method proposed in [8]. The obtained probability 
is valid in the wide interval of photon energies and is overlapped with SQA. In 
Sec. 5 the case of the very low photon energies u<mis analyzed. In particular, in 
the energy region uj < eE/m where the previous approach is unapplicable, the low 
energy approximation is developed. In turn the found results have an overlapping 
region of applicability with the previous approach. So we have three overlapping 
approximations which include all photon energies. In conclusion we touch upon 
the problem connected with the vacuum instability. 

1 We use the system of units with % = c = 1 and the metric ab = a^b^ = a°b Q — ab 
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2 Probability of pair creation by a photon: exact 
theory 

Our analysis is based on the expression for the polarization operator obtained in 
[7], see Eqs.(3.19), (3.33). For pure electric field (H=0) this polarization operation 
can be written in the diagonal form 

k fJ, k u 



Here 



kV ± + kjfc" _ F^k v F*^k 



P(cu 2 -fc 3 2 ) E^cu 2 - kj 

Ki = fii(r - q), k 2 = Ki + rfi 2 , K3 = «i — <?^3, 

^ _ u 2 - kl g _ti±_ r _ q _Jf_ (2) 
Am 2 ' 4m 2 ' 4m 2 ' 

where the axis 3 directed along the electric field E, kj_E = 0, k± = OJ is the 

photon energy, F^ u is the tensor of electromagnetic field, F*^ v is the dual tensor 
of electromagnetic field, and 

r, 1 OO — iO 

OLTYl f f 

VLi = J dv J fi(v , x) exp(iip(v , x))dx. (3) 
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Here 



cosh vx cosh x sinh vx cosh x — cosh vx 

W,! =-TT v T-T2 , J2{V,X)=2 —3 fl{v,X), 

sinn x sinh x smh x 

f 3 (v,x) = (1 - w 2 ) cothx - fi(v,x), 
,. , 1 / cosh x — cosh t>x . . ,.,\ 

V>(u,x) = - 2r — x(l + q(l-v 2 , ^ = ^r- 4) 

z/ y sinni / £/ 

Let us note that the integration contour in Eq.Q is turned slightly down, and 
in the function Q\ in the integral over x the subtraction at /x = is implied. 

It should be noted that the probability of pair creation in an electric field (see 
Eqs. ([T])- (jlj)) can be obtained from the probability of pair creation in a magnetic field 
(Eqs.(2.1)-(2.5) in [8J) using the formal substitutions /i — > iv, x — - > ix, q <->• — r. 

The imaginary part of the polarization operator determines the total probability 
of e~e + pair creation per unit length W% by a photon with a given polarization 

W = ^ Ime»e v * U^. (5) 
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Using the photon polarization vector ef = /3f we get the expressions for Wi (i = 
1,2,3) at k 2 ^ 0: 

Wi = 6 

On the mass shell {k 2 = 0) one has to put r = q in Eq.Q. In this case Wi = and 
only two photon polarizations i = 2 and i = 3 contribute. In this case the total 
probability of pair creation averaged over the photon polarizations is 

2 v ; 

The corresponding analysis in a magnetic field (E=0) was performed in [8]. 
There are essential differences between pair creation process in magnetic and elec- 
tric field. 

1. The probabilities of pair creation Wi{r) (for each photon polarization) in a 
magnetic field contain the factor 1 / ^fg and g — at each threshold when 
electrons and positrons are created on the Landau levels. Because of this 
the functions Wi (r) have saw-tooth form. Rather laborious transformations 
of the imaginary part of the polarization operator are performed in [8j to 
obtain the form allowing the direct calculation of the pair creation probabil- 
ities. It's more than difficult to use for this purpose directly the expression 
Im(e /i e l/ * 11^). In an electric field there are no levels and Im(e At e l/ * IL^) is a 
smooth function of r and can be calculated directly using the above equation 
taking into account that the integration contour in Eq.Q is turned slightly 
down. The result for v = 0.01, 0.001, 0.0001 is shown in Fig.l. Here and below 
in all figures the frame k 3 = is used. In general case w/2m — > k^/2m = sjr. 

2. In a magnetic field the pair creation is the result of conversion of a photon 
into pair. The constant and homogeneous magnetic field itself doesn't create 
a pair. The vacuum is stable. For this reason Eq.([5]) gives not only imaginary 
part of the photon energy but else the overall probability of pair creation. 
The expression for the polarization operator is valid for field strength B > 
B = m 2 /e = 4.41 • 10 13 G (one of possible application of the theory are 
processes in magnetars with B > Bo). In an electric field, generally speaking, 
pairs can be created by field itself, without a photon presence. The vacuum 
is unstable. Then Eq.((5]) gives the partial probability of pair creation. In 
the limit E E = m 2 /e [y 1) the instability of vacuum is negligible. 
But at E ~ E Q the vacuum pair creation becomes essential. Even in this 
situation for u ^> m (r ^> 1) the photon create high-energy particles, while 
the electric field create low-energy particles (e ~ m) and the pairs are easy 
distinguishable. 

3. In a magnetic field there is the threshold \m(e^e u * II Ml/ ) = for r < 1. Strictly 
speaking there is no such requirement in an electric field (see below). 
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Figure 1: The total probability of pair creation by a photon averaged over the 
photon polarizations W(r) (in units cm" 1 ) Eqs.(j6]), ([7]) in an electric field for v = 
0.01 (curve 1), v = 0.001 (curve 2), v = 0.0001 (curve 3) vs u/2m. 



3 Probability of pair creation by a photon in qua- 
siclassical approximation 

The standard quasiclassical approximation valid for ultrarelativistic created parti- 
cles (r ^> 1) can be derived from Eqs.flS]), (@J by expanding the functions f 2 (v,x), 
fs(v,x), ip(v,x) over x powers. Taking into account the higher powers of x one 
gets 



f2(v,x) 
fa(v,x) 
ip(v, x) 



V 



2 r 



12 

1-v 2 



6 



r(l — v 2 ) 
Yh7 



-(3 + v 2 )x + —(15 - 6v 2 - v*)x 3 
15 

(3 - v 2 )x - —(15 - 2v 2 + 3v 4 )x 3 
60 



2\2 



a; 3 - 



3-v 2 



x 



30 



-x — 



Here the first terms in the brackets give the known probability of the process in 
the standard quasiclassical approximation, while the second terms are the correc- 
tions. Expanding the term with x 5 in exp(iip(v, x)) and making substitution x = vt 
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one finds 



ImQi = 

92(v,t) 
93(v,t) 
where 



am 2 u 
[ — 

1 - v 
' 12 
l-v 2 



dv I (7i(f,t)exp 



-l 

2 

-Vt 



dx, 



-(3 + v 2 



vH 2 



90 



6 



-vt 



{3-v 2 )+i 



(3-v 2 ) 2 
90 

(1-V 2 ) 2 K 2 



2.5 



16 



15 
z/ 2 t 2 
60 



4rz/ 



(15 - 2w 2 + 3w 4 ) 



We will use the known integrals 



cos 



-oo 

DO 



8 



3v^ 3(1 -v 2 K 



J«n(t + «j) 



3^ 



(9) 



(10) 



:ir 



Conserving the main(first) terms of functions g n (v,t) in the integrals Eq.Q and 
taking into account Eqs. (llOp - (fTTj) . we obtain the probabilities of pair creation in 
standard quasiclassical approximation 



W(SQA) 



-Im- 



am 



U! 



3V3 



TTUJ 



; K 2 /3(z)dv, s 2 = 3 + v 2 , s 3 = 2(3-v 2 ) 



(12) 

Here Eq.f ll2p coincides with the probability obtained in Appendix C [8] for the 
case of magnetic field. This is because in the quasiclassical approximation the 
expression for the probability depends on an electromagnetic field via parameter 
k 2 = 4(ru 2 + qfi 2 ) (in the frame where electric and magnetic fields are parallel). 

Below we will see that at lower energy the probabilities of pair photoproduction 
are very different in electric and in magnetic fields. 

The probability of pair creation by a photon averaged over photon polariza- 
tion Eq.([7]) calculated in this approximation Eq. (fT2"|) coincide with curves found in 
calculation of exact expressions Eqs.([6])-([7j) given in Fig.l. Near maximum of the 
curves the agreement is better than ~ 10~ 5 . 

The corrections to the standard approximation can be found from the mentioned 
Appendix C (see Eqs.(C7)-(C12)) by the substitution fi 2 — ► — v 2 



(i) 



2 2 

am v 



30^ 



TOOK 



Gi(v,z) : 



dv 



(13) 
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where 



G 2 {v, z) = (36 + Av 2 - 18z 2 )K 1/3 (z) + {3v 2 - 57)zK 2/3 {z), 
G 3 (v, z) = -(34 + 2v 2 + 36z 2 )K l/3 (z) + (78 - 6v 2 )zK 2/3 {z) 



The asymptotic at k ^> 1 are 



W. 



(i) 



2 2 

am v 



W; 



W 3 = 

At k <C 1 one has 



SOv^TrciJK 
-llA/t 1/3 + 84vr 



/3l 

w 2 = 12Ak 1/3 - 90vr 

A = 3l/3 2r 3 (i/3) 



8.191... 



2 2 

am v 



2 60v^3tt^/« 
7 T 4 (l/3) z/ 2 



.3-7/3 



125T 4 (2/3) *c 



4/3 



5 T(2/3) 

- (Ak 1/3 -6tt + ...) 
1 



67T 



+ 



(1) 



amV 2^ 



5^ 



exp 



3k 



(i) 



32z/ 2 



^y(SQA) 15k 3 



(14) 



(15) 



(16) 



The curves in Fig. 2 characterize the applicability of SQA at energies which are 
lower than shown in Fig.l. It is seen that for small v the applicability of SQA is 
broken. For curves 3 and 4, where parameter k < 1, the value R(10) — 1 agrees 
with the last correction in Eq. (1161) . 
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Figure 2: The ratio of total probabilities of pair creation by a photon averaged 
over the photon polarizations Eq.([7|) R = W^ ex ' /W^ A ^ vs w/2m, where is 
given by Eqs.flHD-fllD, W^ SQA ^ is given by Eqs. (jl2p .([7]). The curve 1 is for v = 1, 
the curve 2 is for v = 0.1, the curve 3 is for v = 0.01, the curve 4 is for v = 0.001. 
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4 Region of low photon energies 



In the field which is weak comparing with the critical field E/Eq = v <C 1 and 
at relatively low photon energy (r < z/ -2 / 3 ) the standard SQA [121 H31 EE] is 
nonapplicable. This follows from the last equality in Eq. (|T6|) . In this case, if 
the condition r ^> v 2 is fulfilled, the method of stationary phase at calculation of 
the imaginary part of the integral over x in Eq.Q can be applied. To this end we 
present the imaginary part of Q{ in the form 

9 1 OO 

Imfij = i— — J dv J fi(v,x)exp[iip(v,x)]dx. (17) 

— 1 — oo 

Granting that the large parameter 1/u is the common factor in the phase i/j(x), 
it doesn't contained in the equation ip'(x) = which defines the stationary phase 
point xo(r ~ 1) ~ 1. In this case the small values of variable v contribute to the 
integral over v, so that one can extend the integration limits to the infinity. So we 
get 



.am 2 



oo oo 

( i r _ -i 1 

dx. 



ImQi ~ i— — J dv J fi(v — 0, x) exp j — ip(x) + v x( x ) 

— oo — oo 

where 

(f(x) = 2rtanh ( — )+(?"+ l)x, x( x ) = rx ( —1 -\ — ) . (19) 

\2J \ smhx/ 

From the equation <p'(x) = we find 

, , (Xo\ i x${r) a{r) . 1 

tanh — = ■=, = — % = —i arctan — =. 20 

V 2 J x/F 2 2 v ' 



Substituting these results in the expressions which defines the integral in Eq. ffTS]) 
we have 

i(f(x ) = 2 ( (r + 1) arctan —^= — y/r j = b(r), 



r + 1 

i<p"(x ) = — ^x(^o) = Vra(r)b(r) 
if 



ih(v = 0, x (r)) = if 3 (v = 0, x (r)) = -j=. (21) 



Performing the standard procedure of the method of stationary phase one obtains 
for probability of pair creation in an electric field by a polarized photon 



wf" = ^K^k-p , = ^- ( i + ^-wr, (22) 



2lo y ra(r)b(r) \ v j ' " r + lv 47rr 
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where the term u/Arrr in W 3 valid at r 1 appears as the contribution of the 
second term in fi(v,x)(<x v 2 ) in Eq.(jH). These probabilities can be found from 
the probabilities of pair creation in a magnetic field (see Eqs.(B3)-(B5) (Appendix 
B in [8] by substitutions fi — > iv, r — ► — r, ^J^r = —i^pr. At this substitution 
Or) —>■ l(—r) = ia(r) and /3(r) — > /3(—r) = ib(r) and from Eq.(B5) in [8J one 
obtains Eq. (l22l (without the correction term v/Awr, which was not taken into 
account in [SJ). 




Figure 3: The exponent (3{r) in Eq.(B5) (Appendix B in [SJ) for pair creation in 
a magnetic field (curve 1) and the exponent b(r) in Eq. (|22|) for pair creation in an 
electric field (curve 2). 

The comparison of the exponent b(r) with the exponent (3{r) = 2-y/r — (r — 
l)/(r),/(r) = ln[(-y/r + l)/(y/r— 1)] in the mentioned probability of pair creation 
in a magnetic field is given in Fig. 3. Since the exponent b(r) enters with very 
large factor 1/v and the exponent f3{r) with the factor the probability of pair 
creation in an electric field is much larger than the probability of pair creation in 
a magnetic field at v = /i 1. 

In spite of the assumption r ~ 1 made above, Eq. (|22|) is valid also at r ^> 1 if 
the condition b(r) ^> v is fulfilled. This can be traced in the derivation of Eq. fl2"2l . 
The first two term of the decomposition of the function bit) over power of 1/r are 

l_ (23 ) 

v 15z/r 3 / 2 v ; 

It follows from this formula that applicability of Eq. f[2"2]) is limited by the condition 
r v~ 2 . If the second term much smaller than unity the exponent with it can be 
expanded. As a result we have from Eq. (1221) at z/~ 2 / 3 <r < v~ 2 
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The main term in the above expression coincides with the probability of pair cre- 
ation by a photon in the standard quasiclassical theory at k — Iv^fr <C 1. The 
correction in Eg. (j24l) determines the lower energy limit of the standard approach 
applicability (k 3 ^> z/ 2 ) and coincide with Eq. ffToT) . So the overlapping region exists 
where both the formulated here and the standard approach for high energy are 
valid. 
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Figure 4: The ratio of the total probabilities of pair creation by a photon averaged 
over the photon polarizations Eq.flU) R = W^/W^^ (see Eqs.Q22J,flI2D) is 
shown for electric field v = 0.01 (curve 1), magnetic field fi = 0.01 (curve 2) and 
for electric field v = 0.001 (curve 3) and magnetic field fi = 0.001 (curve 4) vs 
w/2m. 

In Fig. 4 the ratio of the probabilities of pair creation by a photon averaged over 
the photon polarizations Eq.© R = W {th) /W {SQA) (see Eqs.fl^dHD) are given 
for an electric field (curves 1,3) and a magnetic field (see Eqs.(B3)-(B5) in [8]) 
(curves 2,4). It is seen that the probabilities in an electric field at low r values are 
many order of magnitude higher then in the same magnetic field. The probability 
in an electric field aims at the standard quasiclassical one with r increase from 
above while the probability in a magnetic field aims at the standard quasiclassical 
value from below. According to Eq. (l24j) . in the interval u~ 2 ^ 3 <r<C v^ 2 the ratio 
R is close to unity for both electric and magnetic fields and for a given z/(/^) the 
curves have been merged, since in SQA the exponential form of the probabilities 
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coincide with Eq. flU]) (without the correction term which has opposite sign for a 
magnetic fields). It is valid when /t < 1. At k = 1 (y/r = l/2u) the value R ~ 1.13 
and with further r increase the value R smoothly grows. At very high values of 
k the probability W^ SQA ^ = amvCn- 1 ^ ,C = 0.37961 (see [7], Eq.(3.60)). When 
this equation is valid the value R oc r 1 / 6 . 

At low photon energy {y 2 C r < z/ 2 / 3 ) the probability Eq. fl22|) has a form 



Wo 



am 2 v 



1 + 



3^ 



exp 




2r + — ) W 2 . 

Z7l , 



27TUJy'r \ 7T J ~ \ V ' V 

(25) 

The curves in Fig. 5 characterize the applicability of Eq. (122|) for different values 
of parameter v <ti 1 in wide interval of iojlm. The region of applicability of the 
probability W^ th > Eq. (122ft is extended with v decrease. 
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Figure 5: The ratio of the total probabilities of pair creation by a photon averaged 
over the photon polarizations Eq.© R = W ith) /W iex) (see Eqs. <l22)) .<jE])). for v = 
0.01 (curve 1), for v = 0.03 (curve 2) and for v = 0.1 (curve 3) vs u/2m. 



5 Approximation at very low photon energy 

In the case r ^ 2 /(l + ^) one can expand the exponent in Eq. (1171) in powers of 
the term oc rjv. Conserving the main term exp(— ix/v), independent of variable 
v, performing the integration over v of the functions fi(v,x) we find 

9 oo 

ImQi = — i / (fii(x) exp(— ix/i/)dx, (26) 

7T J 

— oo 
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where 



2 cosh x 1 
sinh 3 x x sinh 2 x 



cotha; 



x A 



coth x + 



x sinh x 



(27) 



The integrals in Eq. f!26j) can be evaluated closing the integration contour in the 
lower half-plane and summing the residues in the points x = —inn. Substituting 
the results into Eq. and then into Eq. we obtain the pair creation probabilities 
in an electric field in the case r z/ 2 /(l + z/) 



W 2 
W 3 



2am 2 r 

UJ 

2am 2 r 

UJ 



1 



z/ 2 (e*> - 1) txv 
2 2 



3(e*/ v - 1) 7T 2 



In ^1 - < 

Li 2 ( e" 



In 1 - e 



(28) 



1 (1 t^) n 

where L^x) — — J ~ dt = J2 ^2 is the Euler dilogarithm. 

n=l 

In the case v <C 1 one has 



2am 2 r 
= — e~ 



V 

1 + - 

7T 



2am 2 r 
W 3 = — e~ 



- + 2i/ - + — 



7T 



7T 



(29) 



At v <C 1 the photon energy region r ~ z/ 2 remains unexplained only. We close 
the integration contour in the lower half-plane in Eq. (II 71) in the following way 



ImfL = i 



am 
~2~7 



00 . 

dv^2 f fii v i x ) ex P [iip( v i x )] dx, 

n=l 



(30) 



where the path of integration is any simple closed contour around the points —iim. 
Expanding the function entering in Eq.(j3]) over variables £ n = x + inn (|£ n | ~ y/r ~ 
v) and keeping the main terms of decomposition we find 



if)(v, x) 



2 

Sn 

2r 



IV 



f 2 (v, x) ~ -— [1 + (-1)" + cos(otitt)J - f 3 (v, x), f 3 (v, x) ~ (-l) n — sin(tm7r); 



1 + (-l) n+1 COs(uwr) 



— + 

V V 



1 + r(l - ?T 



2ir 

H (— l) n v sm(vriTr) 



(31) 



Because of appearance of the factor exp(— nn/v), in the case !/ C 1 the main 
contribution to the sum in Eq. fl30|) gives the term n — 1, then 



„, 4cos 2 (w7r/2) 4rcos 2 (wr/2) £ 
/ 2 (v,x) = ^-^-/ 3 (v,x), ^(v,x) = -r — - 



H (l + r(l-f 2 )) wsin(fvr), / 3 (u, x) = -— sin(wr), f = fi. (32) 

1/ \ I 1J h A 
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Using the integrals Eq.(7.3.1) and Eq.(7.7.1)(ll) in [15] and substituting the result 
in Eq.([2]) and then in Eq. ([?)]) we find 



W 2 = 2 



am 2 




am 2 v 7r(i+r) / „ / 1\fr^ 
e — [I 2 



(33) 



where I n (z) is the Bessel function of imaginary argument. At calculation of the 
correction terms oc u, y/r the integration by parts in the integral over v was per- 
formed. The found probability Eq. (1331) is applicable for r < v. The first term of 
decomposition of probabilities in Eq. fl33l) in powers of r coincide with Eq. fl29l) if in 
expression for W3 the terms oc v 2 are omitted. 

For r ^> v 2 the asymptotic representation I n (z) ~ e z /\/2nz can be used. As a 
result one obtains the probability Eq. (|25p . If in Eq. flB^]) one omits the correction 
terms oc u, y/r, r/v, than one gets the result found in [TB] using completely different 
approach. 

The curves in Fig. 6 characterize the applicability of Eq. (l33|) for different values 
of parameter v in the region of very low energies. It is seen that at r > v Eq. (l33|) 
is broken. 
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Figure 6: The ratio of the total probabilities of pair creation by a photon averaged 
over the photon polarizations Eq. (l7]) R = /W^ ex \ where is given by 

Eqs.([33]), W^ ex ) is given by Eq.©, for v = 0.01 (curve 1), for v = 0.03 (curve 2) 
and for v = 0.1 (curve 3) vs u/2m. 
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6 Conclusion 



We considered the process of pair creation by a photon in an electric field. The 
probability of the process is calculated using the different approaches. In the case 
v <C 1 the standard quasiclassical approximation is applicable for the energy param- 
eter r ^> z/~ 2 / 3 . For ^ = 0.01 the averaged over photon polarization probability of 
pair creation W Eq. (j7j) coincides with the standard quasiclassic probability W^ SQA ^ 
Eq. (1121) within accuracy better than 1% starting from r = 160. For v = 0.001 W 
coincides with W^®^ within accuracy better than 1% starting from r = 700 and 
for v = 0.0001 W coincides with W^ S( ^ A ^ within accuracy better than 1% start- 
ing from r = 3200. These estimates are in a good agreement with the values of 
correction term in Eq. fliMl) . Note that always W > W^ SQA \ 

Similar situation was observed for the process of pair creation by a photon in 
a magnetic field [8j where the standard quasiclassical approximation is applicable 
even in the case /i > 1 at r > /i. From Fig. 2 it is seen that in an electric field for 
v = 1 the quasiclassical approximation is valid beginning from values r very close 
to 1. 

The result is universal and the same in electric and magnetic fields if v = //. 
However the corrections to SQA (see Eqs. (fl4"]) - (fl6"]) ) change sign at fi 2 — ► — v 2 . 

It should be noted that the consideration based on the polarization operator 
gives only the total probability of pair creation by a polarized photon (real or 
virtual). The standard quasiclassical method permits to obtain also the spectral, 
the angular distributions as well as the polarization of the particles of created pair 
(see [H]). 

For lower values of r the probability of pair creation in an electric field is much 
higher than in a magnetic field. Besides the pair creation in an electric field is 
possible also at r < 1 (although the probability is exponentially small). This 
phenomenon can be interpreted that an electric field help to draw out the pair 
from the vacuum. At r <C l(u <C m) the inverse situation occurs: a photon helps 
to electric field to do this work (the factor exp(4y/r/u) Eq. f[29~l) ) and for r <^ v 2 
this aid becomes negligible. 

The above analysis is not complete if the probability of direct pair creation 
by an electric field (vacuum probability) is essential. Then Eq.([n]) gives the partial 
contribution to the probability under consideration and defines the photon lifetime. 
At v <C 1 [E -C Eq) the vacuum contribution is negligible. But even in this case 
for very low photon energies in the region r ~ v 2 {oj ~ eE/m) the probability 
Eq. (1291) becomes comparable with the vacuum probability. 

For lower energies r <C v 2 Eq. (1291) defines the probability of photon absorption 
by the particles of created by an electric field. 
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